Two stereoisomeric cardenolides, uscharin (1) and a new compound, 29-epi-uscharin (2), were isolated from the latex of Calotropis gigantea (Asclepiadaceae). Their structures were fully elucidated based on their spectroscopic data, X-ray crystallographic data and chemical evidences. Both epimers (1 and 2) exhibited strong inhibitory effects on HIF-1 activity with different magnitudes. Compound 1 showed much more potent activity than 2 and digoxin, a well-known HIF-1 inhibitor. Discrepancy in potencies between 1 and 2 revealed the contribution of a b-configuration of 29 hydroxyl moiety for HIF-1 inhibitory activity. This is a first report of the activity of HIF-1 inhibition of thiazoline ring-containing cardenolides.
C
ardenolides are classified as a type of steroid containing 23 or 24 carbon atoms with a five or six-membered lactone ring at C-17. The successful isolation of various cardenolides from natural origins together with illustration of their anticancer activities and mechanisms have been reported by many research groups, suggesting that cardenolides give a promise to be potent anticancer agents [1] [2] [3] . Calotropis gigantea, a common plant in Africa, Eastern Asia and Southeast Asia, belongs to the family of Asclepiadaceae which is well known as a rich source of cardenolides 2, 4 and numerous bioactive chemical constituents such as pregnanones 5 , triterpenes 6 , non-protein amino acids 1 , etc. The latex of this plant has been used for medicinal and insecticidal purposes 7 . Various pharmacological activities of secondary metabolites isolated from different parts of plants in this genus have been reported, i.e., analgesic, anti-asthmatic, sedative, antiinflammatory, anti-diarrheal, hepatoprotective, and anticancer activities [1] [2] [3] . The phytochemical studies of the latex of C. gigantea revealed the high content of cardiac poisons in its alcoholic extract 4, 6 . In this paper, we report the structural elucidation of uscharin (1) and 29-epi-uscharin (2) isolated from C. gigantea on the basis of their spectroscopic data and chemical evidences, along with their inhibitory effects on HIF-1 transcription.
Results and Discussion
Structural Elucidation of Compounds 1 and 2. The molecular formula of compound 1 ( Fig. 1) [8] [9] [10] . In order to obtain full assignment of 1 H NMR data of 1 (Table 1) , the protonated carbons were assigned through HSQC, HMBC, 1 H-1 H COSY and NOSEY correlations. Interestingly, several unusual long-range HMBC correlations ( 4 J C, H ) from H-10 to C-29 and C-49, from H-20 to C-29 and C-49, and from H-69 to C-39 ( Fig. 2) were observed. Since the stereochemistry of 1 in sugar part and thiazoline moiety could not be deduced by NOESY spectroscopic data, we carried out a single crystal X-ray diffraction experiment of compound 1. Bearing a sulfur atom and eight oxygen atoms in the molecule, the final refinement resulted in a small Flack parameter 0.02 (7), which together with the known configuration (C-10 and C-17) of the cardiac steroids allows the assignment of the absolute configuration as shown in Fig. 3 . This is the first report of the X-ray crystallographic structure of uscharin along with its fully assigned . Unfortunately, the stereochemistry of 2 in sugar moiety could not be assigned by the correlations obtained from its NOESY spectrum. To prove our expectation, the chemical transformations of 1 to 2 were performed at room temperature under mild acidic and mild alkaline conditions. UHPLC2ESI2TOF2MS analysis was used to monitor the reactions. A product peak of 2 was detected after three and seven days' treatment of 1 in both mild acidic and mild alkaline conditions (Fig. 4) . Moreover, 2 was successfully synthesized by using 1 as a starting substrate in a mixture solution of chloroform and methanol containing 2% formic acid with a yield of 3.9%. All these chemical evidences supported that intramolecular hemiketal transformation at C-29 took place resulting in the conversion of the 29 hydroxyl group from a b-configuration in 1 to an aconfiguration in 2 ( Fig. 5 ) [10] [11] [12] . Consequently, a chair conformation of the dioxane ring in 1 converts to a boat conformation in 2 which is a thermodynamically less stable product 12 . Thus, compound 2 is determined to be a new stereoisomer of 1 and named 29-epiuscharin. The complete assignment of 1 H and 13 C NMR data of 2 is shown in Table 1 in three NMR solvents, i.e., CDCl 3 , CD 3 OD and pyridine-d 5 .
HIF-1 Inhibitory Activity of Compounds 1 and 2. HIF-1 is a transcription factor principally by which cancer cells adapt to the hypoxic microenvironment caused by rapid proliferations. It regulates the expression of hundreds of genes in response to hypoxia, including VEGF, GLUT1, HK1 and HK2, etc. HIF-1 also controls the expression of genes involved in cancer cell immortalization, cancer invasion and metastasis, etc [13] [14] [15] [16] [17] [18] [19] [20] [21] . Therefore, compounds that inhibit HIF-1 transcriptional activity show great potential in anticancer therapy. The inhibitory effects of uscharin (1) and 29-epi-uscharin (2) on HIF-1 transcriptional activity were evaluated by using a T47D cell-based co-transfected firefly and Renilla luciferase reporter assay 13 . Briefly, human ductal breast epithelial tumor T47D cells were transiently co-transfected with the hypoxia response element (HRE) luciferase and Renilla plasmid which contains Renilla luciferase coding sequences. The HRE contains essential binding sites for HIF-1 which mediates increased transcription in cells that are exposed to hypoxia. Compounds that specifically inhibited hypoxia-induced firefly luciferase activity driven by HIF-1 could be screened out by a decreased ratio of firefly/Renilla luciferase activity under normoxic and hypoxic conditions, compared to that of the blank control (in the absence of any drug) 13 . As shown in Fig. 6 , when the transfected T47D cells were cultured under hypoxic conditions (1% O 2 ), the ratio of firefly/Renilla luciferase activity was 142.9-fold (100/0.7) higher than that when the cells were cultured under normoxic conditions (20% O 2 ) for 24 h. The HIF-1 transcriptional activity in cells treated with digoxin, a well-known HIF-1 inhibitor used as a positive control 13 , under hypoxic conditions (1% O 2 ) decreased to (46.4 6 9.1)% and (10.9 6 3.3)% at the concentrations of 100 nM and 200 nM, respectively (Fig. 6 ). Under the same tested conditions, 1 remarkably reduced the HIF-1 transcriptional activity to (2.6 6 0.2)% of that in the blank control (100%), which was 18-fold stronger than digoxin at the concentration of 100 nM. Compound 2 decreased HIF-1 transcriptional activity to (16.8 6 4.2)% at the concentration of 200 nM, which was comparable to the activity of digoxin. The only difference of an a-configuration at 29 hydroxyl group in 2 from that of a b-configuration in 1 resulted in a big loss in the inhibitory effect of 2 on HIF-1 transcriptional activity, indicating the importance of the b-configuration at 29 hydroxyl moiety for such bioactivity.
In the present study, uscharin (1) and its stereoisomeric compound 29-epi-uscharin (2) were isolated from the latex of C. gigantea. Both cardenolides exhibited strong inhibitory effects on HIF-1 transcriptional activity with different magnitudes. Compound 1 displayed much more potent inhibitory activity than digoxin, a positive control, at the concentration of 100 nM, while 2 showed comparable activity with digoxin at the concentration of 200 nM. The bioactive discrepancy between these two epimers indicated the necessity of the b-configuration of 29-hydroxy group for HIF-1 transcriptional inhibitory activity. This paper is the first report for uscharin and 29-epi-uscharin as potential HIF-1 inhibitors, and may provide an insight into their anticancer mechanism and guidance for the rational design of effective HIF-1 inhibitors for anticancer drug research and development [22] [23] [24] [25] [26] . Moreover, this is a first report of the complete assignment of 1 H NMR data of uscharin along with its X-ray crystallographic structure.
Methods

General Experimental Procedures. Optical rotations were measured on a Rudolph
Research Analytical Autopol I automatic polarimeter. UV spectrum was obtained from a Beckman Coulter DU800 spectrophotometer. IR spectrum was performed on a Perkin Elmer Spectrum One Fourier transform infrared spectrometer. 1.2 g ). Fr.3-6-1 (7 mg) was further purified by preparative high performance liquid chromatography (C 18 , ACN2H 2 O, 357 to 852) to afford 29-epi-uscharin (2, 1 mg).
Uscharin Single Crystal Cultivation. The clear solution of uscharin (20 mg) in MeOH (20 mL) was added several drops of water, and then was kept at ambient temperature for slow evaporation to cultivate a single crystal suitable for X-ray crystallographic measurement.
X-ray Crystallographic Analysis of 1. X-ray diffraction data were collected using an Agilent Gemini S Ultra diffractometer equipped with a Sapphire CCD detector and a graphite monochromated MoKa radiation, l 5 0.71079 Å at 150.0(2) K. 
]. The structure was solved by direct methods using the SHELXS-97 program, and refined by the full-matrix least-squares calculations. In the structure refinements, hydrogen atoms bonded to carbons were placed geometrically calculated positions, and positions for hydrogen atoms bonded to oxygen were determined from difference Fourier syntheses and included in the calculation of structure factors with isotropic temperature factors. The final refinement gave R 5 0.0369, R W 5 0.0459, and S 5 1.030.
Figure 4 | UHPLC2ESI2TOF2MS chromatograms and HRESIMS data of [M1HCOO]
2 ion of uscharin (A), 29-epi-uscharin (B), the reaction mixture in mild acidic condition of 1% formic acid on day 3 (C), and the reaction mixture in mild alkaline condition of 1% ammonium hydroxide on day 7 (D). 
